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Abstract: The production and shelf life of high-iron, dried, pre-cooked rice porridge with 
ferrous sulphate and other high-iron materials was studied. Broken brown rice was soaked 
in water and ferrous sulphate was added at 0.05, 0.1 and 0.15% of the dried brown rice. 
The mixture was steamed for 20 min and dried in a double drum dryer. Green shallot, 
young ginger and cooked chicken fillet were dried in an electric cabinet dryer. Chicken 
blood and edible fern were dried in a double drum dryer and vacuum freezer respectively. 
The optimum ferrous sulphate added to the rice was 0.05% and the developed formulation 
of  dried  porridge  consisted  of  ferrous  sulphate  rice  (67.80%),  chicken  fillet  (20%), 
chicken blood (3%), green shallot (0.7%), young ginger (1%), edible fern (0.5%), pepper 
powder (0.5%), sucrose (3%), salt (3%) and monosodium glutamate (0.5%).The dried 
porridge had a high iron content of 10.18 mg/50 g and the shelf life was three months at 
room temperature when stored in either aluminum foil laminated bag or metalite bag.  
Keywords:  pre-cooked rice porridge, ferrous sulphate, iron fortification 
 
 
INTRODUCTION  
 
Iron deficiency anemia is still considered the number one nutritional deficiency worldwide [1-
2]. A survey by the Department of Health, Thailand revealed that from 1995 to 2003, iron-deficiency 
anemia had increased by 50% in infants aged 6-11 months, and in a second group consisting of 
elders, school-age children, preschool-age children and pregnant women, it had increased by over 
20%. Iron-fortified foods have been a generally used strategy
 to combat iron deficiency throughout 
the world, especially cereal flour (wheat and maize), which is currently the most common
 vehicle for  
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iron fortification [3-6]. Condiments and sauces have also been widely consumed as a means of
 iron 
fortification  where  central  processing  of  staple  foods  is  absent.  The  following  examples  can  be 
mentioned: curry powder fortified with
 NaFeEDTA [7]; sugar with NaFeEDTA [8]; salt fortified 
with
 ferric orthophosphate, ferrous fumarate, sulphate or bisglycine
 chelate [9-10]; and soya sauce 
and fish sauce fortified with NaFeEDTA
 [11-12].  
Porridge  is  a  dish  made  by  boiling  oats  (rolled,  crushed  or  steel  cut)  or  other  grains or 
legumes in water or milk (or both). It is usually served hot in a bowl or dish. Porridge is a simple and 
staple dish, especially for breakfast in Thailand. Dried porridge in Thailand is a semi-instant food and 
a specially controlled product with its quality set according to the Ministry of Public Health [13]. 
Nowadays, it is a popular food item for every age group, especially children; there are many brands 
available in Thailand.  
Rice is a staple food for half of the world's population including those in Thailand. Thailand’s 
paddy rice output was 31.65 million tonnes in 2008/9 and the country was the world's biggest rice 
exporter  when  sales  reached  13.09  million  tonnes  [14].  Rice  in  Thailand is therefore cheap and 
suitable for processing. In particular, porridge from brown rice has become popular because it has a 
high mineral and vitamin content, especially of iron and phytate, which are about 5 and 2.5 times 
higher respectively than that in white rice [15]. Phytic acid, however, shows a very marked inhibitory 
effect on the absorption of non-heme Fe in humans [16].  
The objective of the current study is to investigate the production, quality and shelf life of 
high-iron, pre-cooked rice porridge from brown rice fortified with ferrous sulphate and other high-
iron materials. Ferrous sulphate containing 32% iron (w/w) has been used in several cases of iron 
supplementation  in  such  products  as  parboiled  glutinous  rice  [17],  cereal  porridge  [18],  iron 
supplemented product for schoolchildren [19] and ferrous sulphate tablets used by the Department of 
Health [20]. 
 
MATERIALS AND METHODS 
   
Raw Materials   
  Supanburi-1 brown rice was sourced from the Department of Agriculture, Thailand. Green 
shallot, young ginger, chicken fillet, chicken blood, edible fern and other flavouring agents (sugar, 
salt, soya sauce, white blended pepper powder and monosodium glutamate) were purchased from 
local markets. Ferrous sulphate powder (food grade) was sourced from Asia Drug & Chemical Ltd. 
Metalite  bags  (OPP30u  and  MCPP25u), 10.8×18.8  cm  (water  vapour  transmission  rate  of  0.10 
g/m
2/day),  were  purchased  from  a  local  market.  Aluminum  foil  laminate  bags 
(OPP20/ALU9/LLDPE71), 11×18 cm and 100±10 µm in thickness, were purchased from B.T.T. 
Thailand Co. Ltd.   
 
Preparation of Dried Ingredients  
 
  Fresh green shallot and fresh young ginger were cut into small pieces of about 0.3 cm and 
2×0.2×0.2 cm respectively. They were then dried in an electric cabinet dryer at 50°C. Chicken fillets 
were blended with a blender for about 2 min and 1% salt, 5% soya sauce and 50% water by weight  
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were there added. The mixture was cooked on a gas stove and dried in an electric cabinet dryer at 
60°C. Chicken blood was blended with a blender and dried in a double drum dryer at 140°C and 8 
rpm, with a 0.20-mm nip gap. Fresh edible fern was cut into small pieces (about 1 cm), kept at -20°C 
and dried in a vacuum freeze drier (LyoLab 3000). The dried ingredients were weighed and stored in 
a  refrigerator  at  10°C  until  use.  The  rate  of  rehydration  (RHD)  of  the  dried  ingredients  was 
determined in triplicate by adding 50 parts by weight of hot water (80°C), soaking for 20 min and 
filtering  with  a  40-mesh  screen  for  5  min.  The  RHD  value  was  taken  as  weight  of  rehydrated 
material/weight  of  dried  material  (method  modified  from  Champagne  et  al.  [21]).  All  dried 
ingredients were blended in a blender for about 2 min and analysed in triplicate for water activity (aw) 
with a water-activity measuring system (Novasina, type aw –box, Model Ubersicht, No. 861168, 
Switzerland),  and  for  colour  with  a  spectrophotometer  (Spectraflash  600  plus,  Data-color 
International, USA). The CIE colour values recorded were: L* = lightness (0 = black, 100 = white); 
a*(-a* = greenness, +a* = redness); and b*(-b* = blueness, +b* = yellowness). The iron content in 
the chicken fillet and dried chicken blood was determined by AOAC method [22]. 
 
Fortification of Rice with Ferrous Sulphate 
 
    A completely randomised experimental design with two replications was used. Broken brown 
rice (200 g) was soaked in water 2.5 times its weight for 3 h and dried ferrous sulphate was added at 
0.05, 0.1 and 0.15% (w/w) of the dried brown rice. The samples were steamed for 20 min and placed 
in a double drum dryer at 140°C and 4 rpm, with 0.20 mm nip gap. The dried iron fortified rice was 
analysed by the same procedure detailed above. It was then mixed with other dried ingredients to 
afford the following composition: dried iron fortified rice (67.83%), seasoned chicken fillet (20%), 
chicken blood (3%), green shallot (0.7%), young ginger (1%), edible fern (0.5%), white blended 
pepper powder (0.5%), sugar (3%), salt (3%) and monosodium glutamate (0.5%). The mixture was 
added to 8 parts by weight of hot water (80°C) and boiled for 1 min. A panel of 20 people (24-55 
years  old)  carried  out  a  sensory  evaluation  which  involved appraisal for colour, aroma, flavour, 
texture and overall preference, using a 7-point hedonic scale (1 = dislike very much, through to 7 = 
like very much). The data were analysed using analysis of variance and Duncan’s new multiple range 
test for  mean  comparisons  at  the  0.05  level  of  significance, using  the  SPSS  statistical  software 
version 12. The optimum dried iron fortified porridge was analysed for iron, moisture, fat, protein 
(Kjeldahl method with 6.25 as conversion factor), crude fibre, ash, and carbohydrate according to 
AOAC methods [22].  
  
Shelf Life of Dried Iron Fortified Porridge 
  
The dried porridge samples produced were packed in aluminum foil laminate (A) bags and 
metalite (M) bags (30 g/bag) and kept in a darkened drawer at room temperature for 6 months 
(April–September  2007).  Each  month,  the  samples  were  subjected  to  tests  for  colour,  aw, 
thiobarbituric  acid  [TBA]  [23],  microbiological  total  plate  count  [24],  yeast  and  mould  [25], 
Escherichia coli [26], Staphylococcus aureus [27], Clostridum perfringens [28], Bacillus cereus  
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[29] and Salmonella sp [30], and also to a sensory test of the rehydrated product as detailed above. 
Analysis of the data for both packaged products followed the process described above. 
 
RESULTS AND DISCUSSION   
 
Preparation of Dried Ingredients       
        The  yields  of  the  dried  products  were  9.40,  8.80,  9.62,  28.68  and  6.22%  of  the  fresh 
materials for green shallot, young ginger, edible fern, chicken fillet and chicken blood respectively. 
Some qualities observed for of the dried ingredients are shown in Figure1. The product colours 
were: rice - white; young ginger - light yellow; chicken fillet - light brown; green shallot and edible 
fern - green; and chicken blood - dark brown. The water activity in the samples ranged between 0.22 
and 0.40. Since no microorganisms can proliferate if the water activity is less than 0.50 [31], the 
dried products could be classified as shelf stable. The RHD of edible fern was highest (about 22.10) 
and that of chicken fillet lowest (4.48) because its texture was lumpy and very hard. 
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Figure 1.  Colour values (L*, a*, b*) and RHD (average  standard deviation) of dried ingredients. 
Means of ingredients with the same letter in each attribute were not significantly different (p > 0.05). 
(┬ indicates the upper range of the mean plus standard deviation.) 
 
Fortification of Rice with Ferrous Sulphate  
 
The results of the colour analysis of the dried ferrous sulphate fortified rice are shown in 
Figure 2. Addition of ferrous sulphate, which is brown in colour, caused a reduction in L*, but 
increased b* while a* (0.39-0.49) was not changed significantly. The results agreed with those of 
Theuer [18], who found that iron added as ferrous sulphate at 500 mg/kg to rice, oat, whole grain 
wheat or proanthocyanidin-free barley porridges caused significant changes in the L*, a* and b* 
values, but the visual appearance of these porridges remained satisfactory. 
The  results  of  the  sensory  evaluation  of  the  rehydrated  porridge  (mixed  with  the  other 
ingredients) are shown in Figure 3. The scores were not significantly different except for odour, 
which was reduced when the level of ferrous sulphate was increased, with 0.05% level registering the 
highest score. Most attributes had scores from ‘like a little’ to ‘like moderately’, especially texture 
since the porridge was made from brown rice with a high crude fibre content (approximately twice 
that in polished rice)  [15]  and  so its texture was  rather rough.  The results of  iron  analysis  of  the  
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Figure 2.  Colour values (L*, a*, b*) and RHD (average  standard deviation) of rice with different 
percentages of ferrous sulphate. Means of each treatment with the same letter were not significantly 
different (p > 0.05). (┬ indicates the upper range of the mean plus standard deviation.) 
 
dried porridge were 10.18, 20.10 and 30.16 mg/50-g bag for the three treatments of 0.05, 0.1 and 
0.15% fortification respectively. The main iron component in the porridge came from the ferrous 
sulphate, although this was supplemented by other high heme-iron
 ingredients, namely dried chicken 
blood and dried chicken fillet with 1,499 and 122 mg/kg respectively. Also, the porridge had non-
heme iron from edible fern (36.3 mg/kg fresh weight) and brown rice  itself (7.71 mg/kg) [32]. Non-
heme iron, however, is poorly absorbed compared with heme iron [33].   
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Figure 3.  Sensory evaluation (average  standard deviation) of the quality of rehydrated porridge. 
Means of each treatment for each attribute with different letters were significantly different at p ≤ 
0.05. 
 
In general, the Thai people should receive iron at a rate of 10-15 mg/day [34]. Thus, the 
amount of iron (10.18 mg/50-g dried porridge) supplied by the 0.05% fortification treatment should 
be sufficient since people may receive additional iron from other foods consumed in other meals 
during the day. Among the elderly, intake of highly bioavailable forms
 of iron (supplementary iron 
and  red  meat),  fruits  and  non-heme  iron  absorption enhancer (vitamin C)
 can
 promote high iron 
stores. The risk of high iron stores is significantly higher
 in subjects who take in more than 30 mg of 
 
FeSO4  
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supplementary  iron  per  day  than  in  nonusers,  whereas  foods  containing  phytate  (whole
 grains) 
decrease these stores [35]. High iron stores may be associated with many chronic diseases such as 
heart disease [36–37] and cancer [38]. The demand for iron, however, differs according to sex and 
age, e.g. 8.1 mg/day for 6-8 year-olds, 11.8 mg/day for 9-12 year-olds and 28.2 mg/day for girls 13-
15 years old [34]. Thus, having the highest score of sensory evaluation for odour and optimum 
amount of iron, the 0.05% ferrous sulphate fortification treatment was selected for the study of shelf 
life. The correlations between colour, odour, flavour, texture and overall impression are shown in 
Table 1 with all attributes correlated, especially texture and overall impression. 
 
         Table 1.  Pearson correlation coefficients of sensory evaluation at probability levels 
                         of   p ≤ 0.05 (*) and  p ≤  0.01 (**) 
 
  Colour  Odour  Flavour  Texture  Overall 
Colour  1         
Odour  0.380**  1       
Flavour  0.383**  0.581**  1     
Texture  0.389**  0.442**  0.556**  1   
Overall  0.375**  0.463**  0.692**  0.745**  1 
  
The chemical composition (% dry weight) of the optimally iron fortified dried porridge was 
6.34  1.10, 65.85  2.56, 19.16  0.88, 2.30  0.81, 5.10  0.33 and 6.35  0.2 % for moisture, 
carbohydrate (including crude fibre), protein (factor 6.25), fat, dietary fibre and ash respectively. The 
moisture content of the product was lower than 10% while also having a high protein content of 
more than 8%, the minimum value set out by the Ministry of Public Health [13]. The main protein 
source of the porridge was chicken fillet, which was also effective at enhancing iron absorption [39]. 
The product therefore could be claimed to be an iron source as well as a protein source. 
 
Shelf Life of Iron Fortified Porridge 
 
Based on the analysis during the months of storage, the only feature of the dried porridge in 
the two packaging systems that was significantly different was the water activity,. The product’s 
water activity in the lower-quality M-type packages registered higher values than those from the A-
type  packages.  However,  all  samples  had a  water  activity  of  less  than  0.51,  although the value 
increased with storage time (Figure 4). 
The colours of the dried porridge from the two types of packaging were not significantly 
different, with L* ranging from 79.80 to 81.23, a* from 0.11 to 0.33 and b* from 8.46 to 10.05 
(Figures 5-7).  
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Figure 4.  Water activity (average  standard deviation) of dried porridge in two types of packaging 
(A and M bags) plotted against storage month. Means for each type of packaging for each month of 
storage with the same letter were not significantly different (p > 0.05). (┬ indicates the upper range 
of the mean plus standard deviation.) 
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Figure  5.    Colour  (L*)  values  (average  standard  deviation)  of  dried porridge in two types of 
packaging (A and M bags) plotted against storage month. Means for each type of packaging for each 
month with the same letter were not significantly different (p > 0.05). (┬ indicates the upper range of 
the mean plus standard deviation.) 
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Figure  6.    Colour  (a*)  values  (average  standard  deviation)  of  dried  porridge  in  two  types  of 
packaging (A and M bags) plotted against storage month. Means for each type of packaging for each 
month with the same letter were not significantly different (p > 0.05). (┬ indicates the upper range of 
the mean plus standard deviation.) 
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Figure  7.    Colour  (b*)  values  (averagestandard  deviation)  of  dried  porridge  in  two  types  of 
packaging (A and M bags) plotted against storage month. Means for each type of packaging for each 
month with the same letter were not significantly different (p > 0.05). (┬ indicates the upper range of 
the mean plus standard deviation.) 
 
Figure 8 shows results of TBA test used for the measurement of fat oxidation [40] in the 
porridge samples contained in the two types of packaging. Malonaldehyde, an end-product in the 
autoxidation  process,  was  observed  to  increase  with  storage  time,  with  samples  in  the  A-type 
packages having lower values than those obtained from the M-type packages, although the levels 
were not significantly different. 
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Figure 8.  Results of TBA test: malonaldehyde (average  standard deviation) in of dried porridge 
from two types of packaging (A and M bags) plotted against storage month. (┬ indicates the upper 
range of the mean plus standard deviation.) 
 
Results of the monthly sensory evaluation of the rehydrated porridge from the A- and M-type 
packagings  by  the  panelists  are  shown  in  Figure  9.  Most  scores  were  not  significantly  different 
except those for colour and flavour,  especially for the porridge from M-type packaging at the fourth
 
month of storage, which were less than those from A-type packaging. The porridge from the lower-
quality,  translucent  M-type  packaging  showed  some  rancidity.  Furthermore,  in  this  month,  the 
overall score for the two packaging types reduced markedly, with scores of only ‘dislike a little’, 
which suggested that the product could not be kept for more than three months. This is also apparent 
from the TBA levels (Figure 8) after three months at about 3.3 and 3.1 mg/kg for samples in the M- 
and A-type  packagings  respectively.  As for  the microorganism levels,  even though they  were  still
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within the safe ranges in both types of package, there was a clear trend of increasing microbial 
activity with time (Table 2). 
 
0
2
4
6
8
A M A M A M A M
1 2 3 4
Month
H
e
d
o
n
i
c
 
s
c
o
r
e
Colour
Odour
Flavour
Texture
Overall
a
b
b
a
b
aaaa
a
a a a a
a
aa
a
aa
aaaaa
baa
aa
a a a
a
a
b
a
baa
   
Figure 9.  Sensory evaluation (average  standard deviation) of the quality of rehydrated porridge 
from two types of packaging (A and M bags). Means for each type of packaging for each month with 
the same letters were not significantly different (p > 0.05). (┬ indicates the upper range of the mean 
plus standard deviation.) 
 
 
Table 2.    Microbial sampling of dried porridge samples from the shelf life study 
 
Month  Sample  Microorganism  Result 
    0  A and M  Total plate count (cfu/g)  6.7 × 10
4 
    Yeast and mould  (cfu/g)  <   10   
    Escherichia coli (MPN/g)  <   3 
    Staphylococcus aureus (cfu/g)  <   10   
    Clostriduum perfringens/0.1 g  Not detected 
    Salmonella sp./25 g  Not detected 
    Bacillus cereus (cfu/g)  10 
    1  A  Total plate count (cfu/g)  7.7 × 10
4 
    Yeast and mould (cfu/g)  <   10   
  M  Total plate count (cfu/g)  1.0 × 10
4 
    Yeast (cfu/g)  <   10   
     Mould (cfu/g)  20 
     2  A  Total plate count (cfu/g)  3.2 × 10
4 
    Yeast and mould (cfu/g)  <   10   
  M  Total plate count (cfu/g)  1.8 × 10
5 
    Yeast  (cfu/g)  <   10   
     Mould (cfu/g)  20  
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  Table 2. (Continued) 
Month  Sample  Microorganism  Result 
     3  A  Total plate count (cfu/g)   1.5 × 10
5 
    Yeast (cfu/g)   <   10   
     Mould (cfu/g)  30 
  M  Total plate count (cfu/g)  5.9 × 10
4 
    Yeast (cfu/g)  <   10   
     Mould (cfu/g)  20 
    4  A  Total plate count (cfu/g)  8.1 × 10
4 
    Yeast (cfu/g)  <   10   
     Mould (cfu/g)  20 
  M  Total plate count (cfu/g)  8.4 × 10
4 
    Yeast (cfu/g)  <   10   
     Mould (cfu/g)  40 
 
CONCLUSIONS 
   
Fortification of rice with ferrous sulphate was found to be optimum at 0.05% of dried brown 
rice. The dried, seasoned porridge had a high iron content (10.18 mg/50 g) supplied by the ferrous 
sulphate as well as other high-iron materials (chicken blood, chicken fillet and edible fern), meeting 
the requirements for a high-iron food product. The shelf life of this product was three months at 
room temperature in an aluminum foil laminate bag or a metalite bag.  
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